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DESCRIPTION 

Catheter System f or Treating a Vascular Occlusion 
Background of the Invention: 

Field Qfthe Invention; 

This invention relates generally to medical devices and especially 
intravascular catheters designed to operate with respect to occlusions within a 
blood vessel. More particularly, this invention relates to intravascular catheters 
having the ability to fracture an occlusion sufficiently for allowing a guide wire 
to pass through the occlusion within the natural lumen of the blood vessel. 
Background: 

Medical science has long sought effective treatments for disease 
conditions involving stenosis (narrowing or obstruction) of the lumen (interior 
passage of the artery) of an artery. This condition, known generally as an 
occlusion, is found in patients suffering from atherosclerosis (accumulation of 
fibrous, fatty or calcified tissue in the arteries). An occlusion can manifest itself 
in hypertension (high blood pressure), ischemia (deficiency of circulation), 
angina (chest pain), myocardial infarction (heart attack), stroke, or death. An 
occlusion may be partial or total, may be soft and pliable or hard and calcified, 
and may be found at a great variety of sites in the arterial system including the 
aorta, the coronary and carotid arteries, and peripheral arteries. 

Of particular interest to cardiac medicine are the often disabling or fatal 
occlusions occurring in the coronary arteries (arteries supplying the heart). 
Traditionally, coronary artery occlusions have been treated by performing 
coronary bypass surgery, in which a segment of the patient's saphenous vein is 
taken from the patient's leg and is grafted onto the affected artery at points 
proximal (upstream) and distal (downstream) to the occluded segment. The 
bypass often provides dramatic relief. However, it entails dangerous open chest 
surgery and a long, painful, costly convalescence in the hospital. Moreover, 
with the passage of time, the bypass patient's saphenous vein graft can also 
become occluded. If the patient has another saphenous vein, a second bypass 
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procedure may be performed, once again entailing open chest surgery and 
prolonged hospitalization. Thereafter, if the underlying atherosclerotic disease 
process is not controlled, the prognosis is dismal. 

5 Newer, minimally invasive procedures are now preferred in the 

treatment of arterial occlusions. These procedures use a catheter, a long, thin, 
highly flexible device which is introduced into a major artery through a small 
arterial puncture made in the groin, upper arm, or neck and is advanced and 
steered into the site of the stenosis. At the distal end of the catheter, a great 
1 0 variety of miniature devices have been developed for operating upon the 

stenosed artery. 

The more popular minimally invasive procedures include percutaneous 
transluminal coronary angioplasty (PTCA), directional coronary atherectomy 
(DCA), and stenting. PTCA employs a balloon to mechanically dilate the 

1 5 stenosis. In PTCA, a steerable guidewire is introduced and advanced under 

fluoroscopic observation into the stenosed artery and past the stenosis. Next, a 
balloon-tipped catheter is advanced over the guidewire until it is positioned 
across the stenosed segment. The balloon is then inflated, separating or 
fracturing the atheroma (stenosed tissue). The hoped-for outcome is that, over 

20 time, the lumen will stay open. 

In directional coronary atherectomy, a catheter containing a cutter 
housed in its distal end is advanced over the guidewire into the stenosed 
segment. The housing is urged against the atheroma by the inflation of a 
balloon, so that part of the atheroma intrudes through a window in the side of 

25 the housing. Under fluoroscopic observation, the cutter is used to shave away 

the atheroma. The shavings are collected in the nosecone of the housing and 
withdrawn along with the catheter. 

Stenting is a procedure in which a wire framework, known as a stent, is 
compressed and delivered a balloon catheter. The stent is positioned across the 

30 stenosed segment of the artery. The balloon is inflated, dilating the stent and 

forcing the stent against the artery wall. The hoped-for outcome is that the stent 
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will hold the arterial lumen open for a prolonged period. Frequently, a stent is 
placed in an artery immediately following PTCA or DCA. 

It must be noted, however, that the aforementioned catheters are "over- 
the-wire catheters." These catheters depend on the guidewire. which typically 
has a tiny bent portion at its distal end for steering. Over-the-wire catheters 
cannot be positioned adjacent the stenosis until the guidewire has been 
advanced across the stenosed arterial segment. Thus, where the occlusion is too 
severe to be crossed by a guidewire or where there is not enough room for the 
balloon, cutter, or stent delivery catheter, neither PTCA nor DCA nor stenting 
can be done. Unfortunately, the occlusion often contains extremely hard, 
calcified tissue and presents an impenetrable barrier to the guidewire. Even a 
less than total occlusion may contain complex structures which divert or trap the 
steering end of the guidewire. Thus, the guidewire might not completely cross 
the occlusion, but become diverted into the subintimal space between the intima 
and the atheroma or become buried in the atheroma. In either case, the 
guidewire cannot be positioned across the stenosis to guide a balloon or cutting 
element. In such cases, bypass surgery may be necessary with the associated 
cost, risks, and recovery period. 

Thus, in patients suffering from severe or total arterial occlusion, it is 
preferable to do what has been difficult or impossible in the past: to open the 
severely or totally occluded artery itself, rather than by performing a bypass. If 
a guidewire and working catheter can be passed through or around the atheroma, 
the severe or total occlusion can be treated by PTCA, DCA, stenting, site- 
specific drug delivery or a combination of these proven therapies. 

It would be advantageous to find and open a path of low resistance, 
either through or around the atheroma. Of course, this must be done without 
perforating arterial wall. Clearly, the serious consequences of penetrating the 
arterial wall must be avoided at all costs. The physician will not use a system 
which would be unsafe and no patient would want a physician to use such a 
system. Therefore, any solution to the problem of finding and creating an 
opening through or around the atheroma must be safe and in many instances 
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include a system of guidance for the device that would find and open such an 
occlusion. 

There has been a long felt need to provide a reliable system of guidance 
for such a device. As understood by those in the art, the device must travel a 
crisscrossing, often maze-like structure before it even gets to the occlusion. 
Then the occlusion itself is often a maze like structure. Attempting to cross 
such an occlusion without reliable guidance is dangerous. For example, it is 
easy to dissect the tissues of the arterial wall instead of the occlusion, thereby 
creating a false lumen and possibly perforating the artery. If blood escapes the 
artery and accumulates in the pericardial space, it will compress the heart, 
requiring emergency intervention to avert heart failure and death. 

One guidance system which has been used in conjunction with coronary 
catheterization is biplane fluoroscopy, wherein the interventionist observes two 
flat realtime x-ray images acquired from different angles. Biplane fluoroscopy, 
however, is unreliable, costly, and slow. Delay is unacceptable, for it 
contributes to trauma and stress and creates opportunities for complications and 
failures of technique. 

Recently, promising optical systems have been disclosed for imaging an 
occlusion through a catheter placed in the artery. One such system is Optical 
Coherence Tomography (OCTV In OCT. a beam of light carried by an optical 
fiber illuminates the artery interior. In a radar-like manner, light reflected back 
into the fiber from features inside the artery is correlated with the emitted light 
to capture the depth as well as the angular separation of those features. The 
features are displayed graphically in two or three dimensions through the use of 
a suitably programmed computer. 

The beam in OCT is swept by mechanical rotation or movement of 
optical components in the catheter, or by optical switching devices which select 
one of several fibers through which to perform measurements. The rotation is 
encoded, or the switching pattern recorded, for reconstructing angular 
information about the artery interior. For example, a beam splitter may be 
placed between the light source and the catheter fiber to produce a reference 
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beam which is directed to a reflector at a known distance. The catheter beam 
and the reference beam are recombined as they return. When the paths traveled 
by the two beams are of equal optical length, interference fringes are observable 
in the combined beam. Since the lengths of the reference path and the catheter 
fiber are known, the distance from the fiber end to a particular reflective feature 
within the artery can be inferred. In OCT and related methods, signals may also 
be impressed upon the light beam to facilitate the measurement of distance or 
the detection of motion of objects relative to the fiber end. By means of OCT or 
other similar optical methods, imaging capability can be incorporated into an 
intravascular catheter or guidewire. 

However, while superior imagery alone is of diagnostic interest, 
effective intervention for severe occlusive arterial disease is what is truly 
desired. Even with improved guidance, there persists a long felt need for 
working elements which are capable of opening a path through or around an 
arterial occlusion at low risk of perforating the artery. What is needed is an 
intravascular catheter system for the effective treatment of the severely occluded 
artery and, in particular, the totally occluded artery. What is especially needed 
is a therapeutic working element which allows the physician to mechanically 
fracture an occlusion or to separate the occlusion from the intimal surface, but 
which is operable in a manner unlikely to perforate the adventitia. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a blunt end assembly for 
fracturing an occlusion within a blood vessel. 

It is an additional object of this invention to provide such an assembly 
wherein the assembly includes a catheter having a distal end and a proximal end 
and wherein a working end member fits in an interchangeable manner to the 
distal end of the catheter and wherein the working end comprises a blunt end 
member in accordance with the invention. 
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It is an additional object of this invention to provide such an assembly 
wherein the blunt end member has a first closed position and a second open 
position and may be repeatedly opened and closed for fracturing the occlusion 
within the native lumen of the blood vessel. 
5 In accordance with the above objects and those that will be mentioned 

and will become apparent below, the blunt end member assembly in accordance 
with this invention comprises: 

a blunt end member connectable to the distal end of the catheter, the 
blunt end member sized and shaped for fitting within the blood vessel and for 
1 0 fracturing the occlusion, the blunt end member having a first position for 

allowing the blunt end member to be located at the occlusion and a second 
position for fracturing the occlusion; and 

an actuation member for moving the blunt end member between the first 
and second positions, 

15 whereby the blunt end member is connectable to the distal end of the 

catheter and the blunt end member is deliverable to the occlusion in the first 
position and is actuable to a second position for fracturing the occlusion. 

In one exemplary embodiment of the invention, an over-the-wire 
intravascular catheter is provided comprising a blunt end member disposed at 

20 the distal end thereof and a securing balloon disposed about the distal end zone 

of the catheter proximal to the blunt end member. The catheter and blunt end 
member are sized and shaped so as to allow the blunt end member to be 
advanced into contact with an occlusion in an artery. The balloon is disposed 
on the outer surface of the distal end zone of the catheter and is inflatable to 

25 secure the distal end of the catheter within the artery and thus to maintain 

engagement of the blunt end member with the occlusion. A balloon inflation 
lumen is provided in the catheter. 

The blunt end member comprises four jaw sections flexibly attached to 
the distal end of the catheter and arranged symmetrically about the longitudinal 

30 axis thereof. The catheter comprises a retractable actuation shaft having a ball- 

shaped ferrule fixed to the distal end thereof between the jaw sections. To 
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accommodate a guidewire. the actuation shaft includes a lumen and the ferrule 
includes a center opening. The jaw sections have a first, closed position in 
which the catheter may be advanced to engage the jaws with the occlusion. 
When the actuation shaft is retracted, the ferrule impinges upon the inner 
surfaces of the jaw sections, urging them apart toward a second, open position 
to fracture the occlusion. 

It is an advantage of this exemplary embodiment of the invention that 
fracturing force is stably applicable to a severe or total arterial occlusion. It is a 
further advantage of this exemplary embodiment that a mechanical working 
element is stably operable upon a severe or total arterial occlusion in a manner 
unlikely to perforate the adventitia. 

In another exemplary embodiment of the invention, the jaw sections are 
spadeshaped. In the first, closed position, the jaw sections form a channel 
substantially confining the guidewire to the longitudinal axis of the blunt end 
member. It is an advantage of this exemplary embodiment that when the jaw 
sections are in the first, closed position, a guidewire may be advanced into a 
portion of the occlusion bounded by the points of contact with the distal ends of 
the jaw sections. 

In another exemplary embodiment of the invention, the ferrule has a 
frustoconical profile. 

In another exemplary embodiment of the invention, each jaw section 
includes a rectangular distal end. 

In another exemplary embodiment of the invention, the actuation 
member includes an actuation cable disposed in the catheter. The proximal end 
of the cable is manipulate from the proximal end of the catheter and the distal 
end of the cable is attached to the ferrule. It is an advantage of this exemplary 
embodiment of the invention that the cable increases the tension capacity of the 
actuation member during retraction of the ferrule; 

In another exemplary embodiment of the invention, the jaw sections are 
fabricated from an alloy comprising Nickel and Titanium. It is an advantage of 
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this exemplary embodiment of the invention that the superelastie properties of 
the alloy facilitate spreading of the jaw sections when the ferrule is retracted. 

In another exemplary embodiment of the invention, a part of the lurnen 
of the actuating member includes a friction reducing coating. It is an advantage 
of this exemplary embodiment of the invention that the catheter and blunt end 
slide easily over the guidewire. 

In another exemplary embodiment of the invention, the mating surface 
defined by the impingement of the actuation member upon the blunt end 
member includes a friction reducing coating. It is an advantage of this 
exemplary embodiment of the invention that the actuation member encounters 
minimal frictional resistance while urging the jaw sections apart. 

In another exemplary embodiment of the invention, the entire blunt end 
member is fabricated from a single piece of material. It is an advantage of this 
exemplary embodiment of the invention that fabrication of the blunt end 
member does not require attachment or assembly of multiple parts. 

In another exemplary embodiment of the invention, the blunt end 
member includes a rigid tubular reinforcing member slidably disposed about the 
actuation shaft inside the distal end zone of the catheter. A tubular support 
member is disposed on the outer surface of the distal end of the catheter. The 
distal end of the support member includes a spring member deformably 
supporting a plurality of jaw sections. The support member is crimped onto the 
distal end zone of the catheter, securing the catheter onto the reinforcing 
member. It is an advantage of this exemplary embodiment of the invention that 
a simple yet secure attachment is formed between the catheter and the blunt end 
member. 

Brief Description of the Drawing 
For a further understanding of the objects and advantages of the present 
invention, reference should be had to the following detailed description, taken in 
conjunction with the accompanying drawings, in which like parts are given like 
reference numerals and wherein: 

-8- 
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Fig. 1 illustrates an exemplary embodiment of the blunt end member for 
fracturing a total occlusion in accordance with this invention shown in partial 
cross section. 

Fig. 2 is a partial cross sectional view of the catheter having the blunt 
end member of Fig. 1 in the process of fracturing the total occlusion. 

Fig. 3 is an enlarged side view of the blunt end member having a first 
closed position and a second open position. 

Fig. 4 is an end view of the blunt end member of Fig. 3 in the first or 
closed position. 

Fig. 5 is a cross sectional plane view of the blunt end member of Fig. 1 
shown in cross sectional view. 

Fig. 6 is a cross sectional view of the blunt end member of Fig. 1 
shown in the second open position. 

Fig. 7 is a cross sectional plane view of another exemplary embodiment 
of the blunt end member in accordance with this invention. 

Fig. 8 is a cross sectional view of the blunt end member of Fig. 7 
shown in the second open position. 

Fig. 9 is an end view of the blunt end member of Fig. 8. 

Fig. 1 0 is an enlarged end view of the blunt end member of Fig. 7 
shown in the second or open position. 

Detailed Descrintion of the Invention 

The invention will be described particularly with reference to a coronary 
bypass arterial condition. As illustrated in Figs. 1 and 2, the blunt end member, 
in accordance with this invention, is shown adjacent to a total occlusion where a 
bypass is in the process of failing. The bypass has developed diffuse stenosis as 
shown in Figs. 1 and 2. Consistent with the above description, it is quite likely 
that where stenosis has developed sufficiently to block an arterial blood vessel, 
after a bypass is performed, stenosis in the bypass will also accumulate. Even, 
to the point that the bypass may also be blocked or become totally occluded. 
Using the blunt end member, in accordance with this invention, the original. 
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native blood vessel is reopened allowing the bypass to fade as the primary 
source of blood flow. 

It will of course be appreciated that the drawings are illustrative only, 
and that the invention made be used in any situation where the blood vessel, 
5 such as a coronary artery has been occluded, by stenosis or other arterial disease. 

The principal feature of the invention is to fracture the stenosis occluding blood 
flow and allow the native artery to resume the primary responsibility for blood 
flow. 

With particular reference to Fig. 1, there is shown the blunt end member 

1 0 assembly in accordance with this invention, generally designated by the numeral 

20. The assembly 20 includes a blunt end member, generally indicated by the 
numeral 22, and a catheter 24. An actuation member indicated by doted lines 26 
moves the blunt end member from a first closed position as illustrated in Fig. 1 
to an second open position as illustrated in Fig. 2. 

1 5 The catheter is positioned using a guide wire 28 as best shown in Fig. 2, 

so that the extreme distal end of the blunt end member is adjacent to the total 
occlusion, as shown in Figs. 1 and 2. Once positioned, the catheter which 
includes, in a exemplary embodiment, a member for stabilizing the assembly 20 
in the blood, namely, a balloon member 30. The balloon member 30 is inflated 

20 as shown in Fig. 2, so that the catheter remains in place during actuation of the 

blunt end member 22. 

With particular reference to Figs. 3 through 6, there is shown an 
exemplary first embodiment of the blunt end member 22. The blunt end 
member 22 has a proximal end 40 attached to the distal end of the catheter 24. 

25 The method of attachment is conventional within the skill and knowledge of the 

prior art and is not explained herein in detail. 

The blunt end member includes a set of sectional members defining jaw 
sections 42. The jaw sections 42 are located at the distal end of the blunt end 
member and are spaced equal distance of the longitudinal center line 44. Thus, 

30 as will be appreciated herein after, the jaw sections 42 open to a second position 

shown particularly in Figs. 3 and 6, and close to a first position as shown in 

-10- 
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Figs. 3, 4, and 5. As will be explained below, an actuation member is required 
to move the jaw sections 42 from its first closed position to its second open 
position. 

The jaw sections 42 are generally spade shaped and are separate from 
one another as illustrated. This allows the jaw sections to meet flush against the 
arterial wall and the occlusion for optimizing fracturing of the occlusion. The 
jaw sections 42 are spaced apart as shown in Fig. 4. 

With respect to Figs. 5 and 6, there is shown an assembly view of the 
blunt end member 22 in accordance with the invention as illustrated in Fig. 4. 
Fig. 5 is a cross sectional view along line 5-5 of Fig. 4 and looking in the 
direction of the arrows. The blunt end member 22 includes a reverse conical 
urging member 50 and a spaced apart support member 52. The members 50 and 
52 are sized and shaped to fit within the same cavity or lumen of the catheter 24. 

Each of the members 50 and 52 includes a center opening along the 
longitudinal center line 44. The openings 50 and 52 are aligned so that a guide 
wire tube 54 is able to slide toward and away from the proximal end of the 
catheter 24. 

Attached to the guide wire tube 54 is a ferrule 56. The ferrule 56 also 
has a center opening aligned with the center openings of the members of 50 and 
52. However, the center opening of the ferrule 56 has a smaller diameter to 
match the guide wire 28 and not the guide wire tube 54. Thus, the ferrule 56 is 
designed to accommodate only the guide wire 28 and not the guide wire tube 54. 

The guide wire 28 is shown inserted in the center opening of the ferrule 
56. It will also be appreciated that the jaw sections 42 are spaced apart a 
sufficient distance along the longitudinal center line 44 so that the guide wire is 
guided thereby. As clearly shown in Fig. 5. the jaw sections 42. when closed, 
form a internal guide 58 for sliding the guide wire toward and away from the 
distal end of the catheter 24. 

The ferrule 56 may be made from a variety of materials including 
stainless steel, nickel titanium or other shape memory alloys and various 
engineering plastics. Additionally, other polymers or metal materials, which are 
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bio-compatibie and have the mechanical characteristics necessary to perform the 
functions herein are equally suitable. 

The ferrule defines a frusto-conical shape, while the urging member 50 
forms a reverse compatible shape for sliding against the frusto conical shape of 
the ferrule 56. The surfaces where each of the ferrule 56 and the urging member 
50 contact define a mating surface. The materials selected for each of the 
ferrule 56 and urging member 50 are compatible for such mating sliding contact. 

In response to actuation, the ferrule 56 is pulled toward the proximal end 
of the catheter 24 causing the ferrule 56 to slide against the urging member 50, 
the mating surfaces of each sliding across one another. As the ferrule is pulled 
towards the proximal end of the catheter, an increasing force is urged against the 
jaw sections 42 for spreading apart said jaw sections 42. Upon full activation of 
the actuation member the jaws are fully open, as shown in Fig. 6. 

In an exemplary embodiment of the invention, the blunt end jaw 
members 42 must be made of material having sufficient strength to withstand 
the mechanical forces necessary to fracture the occlusion shown in Figs, 1 and 
2. In a preferred exemplary embodiment, the jaw sections are made from nickel 
titanium which has proven biocompatible as well as having sufficient strength 
for the function intended herein. 

The guide wire tube 54 is bonded to the ferrule as shown in Figs. 5 and 
6. The bonding may be similar to the bonding of the catheter and the blunt end 
member 22. Additionally, bonding may be done by use of adhesives such as 
loc-tite™, soldering, or chemical or physical bonding, of a suitable kind. The 
guide wire tube 54 being thus, permanently connected to the ferrule in a bond 
which is strong enough to withstand the urging forces exerted against the 
occlusion. The interior opening of the members 50 and 52, provides a guide for 
the guide wire tube 54 as the jaw sections 42 are opened and closed in repeated 
use. It may be advantages to coat the interior opening of the members 50 and 
52, as well as the exterior of the guide wire 54. with Teflon or similar polymers 
so that the friction from the movement of sliding through the internal opening is 
greatly reduced. A reduction in friction will, of course, result in more force 

-12- . 
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being applied by the ferrule 56 against the urging member 50 to maximize the 
amount of fracturing power generated by the blunt end member 42. 

Conventionally, the guide wire tube 54 is a braided strand, and thus can 
be quite abrasive to the internal opening of the members of 50 and 52. Thus, the 
matter of applying a coating may be increasingly important to reduce the friction 
in the sliding movement. Additionally, it is preferable that the mating surfaces 
of the urging member 50 and the ferrule 56 also be as smooth as possible and 
chosen from compatible materials to minimize the amount of friction developed 
as the mating surfaces slide against one another in an effort to fracture the 
occlusion of Figs. 1 and 2. In an exemplary embodiment the ferrule and urging 
members are both made from nickel titanium. In another embodiment, the 
urging member 50 is made from stainless steel and the ferrule 56 is made from 
nickel titanium. Again, the mating surfaces of the ferrule 56 and urging member 
50 are made as smooth as possible to minimize the friction there between. 

As will be appreciated, the support member 52 provides support both 
internal and external to the assembly 20. The support member 52 remains 
fixedly attached to the distal end of the catheter 24 and provides an internal 
opening for the sliding movement of the guide wire tube 54. Additionally, as 
will be appreciated in Figs. 5 and 6, the jaw sections 42 have a proximal end 
zone 60 which surrounds both the urging member 50 and the support member 
52. The proximal end zone of the jaw sections 42 secures the members 50 and 
52 together to provide the assembly 20. As shown in Fig. 6 the support 
member is notched at shoulder 62 to provide a secure connection fit with the 
jaw sections 42. 

It will, of course, be appreciated that the entire assembly, including 
members 50 and 52, as well as jaw sections 42, may be made from a single 
piece of nickel titanium (NiTi) for a unified assembly. In another exemplary 
embodiment in accordance with a unified assembly, the jaw sections would be 
notched with an opening at elbow 64, as shown in Fig. 6. This would allow 
space for deformation of the jaw sections along an axis predetermined by the 
angle and length of the opening. 
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With respect to Figs. 7 through 1 0, there is shown a second 
embodiment of the blunt end member in accordance with this invention, 
generally designated by the numeral 100. The blunt end member 100 includes 
jaw sections, as illustrated in Figs. 8 and 10, designated by the numeral 102. 
The blunt end member 100 includes a spring member 104 and a support 
member 106. A reinforcing member 108 is positioned between the catheter tube 
24 and the guide wire tube 54 in the guide wire lumen of the catheter tube 24. 
Attached to the guide wire tube 54 is a ferrule 56 as discussed previously with 
regard to the earlier described embodiment. 

Similar to the reverse conical urging member 50, the spring member 104 
has a mating surface for mating with the ferrule 56, as clearly shown in Fig. 8. 
Upon actuation, the ferrule 56 is pulled toward the proximal end of the catheter 
24 and the mating surfaces engage and separate the jaw sections 102, as shown 
in Figs. 8 and 10. Upon releasing the actuation member, the spring member 
104 urges the jaw sections 102, back to their original and first closed positioned, 
as clearly shown in Figs. 7 and 9. The spring member 104 serves to connect the 
jaw sections 102 and the rest of the blunt end member 100, and specifically the 
support member 106. The support member 106 is crimped at its proximal end 
1 1 0. The reinforcing member 1 08 is positioned so that the crimp in the support 
member 106 sandwiches the distal end of the catheter tube 24. It will be 
appreciated that the hoop strength provided by the reinforcing member 108 
enables a secure attachment of the support member to the distal end of the 
catheter tube 24. It will be further appreciated that the crimp in the support 
member, plus the added hoop strength provided by the reinforcing member 108, 
provide a secure connection for the entire blunt end member 100. 

Typically the blunt end member is supported by the connections at the 
joining of the spring 104, the jaw sections 102, and support member 106. These 
joints can be done in a variety of ways. For example, it is preferable to bond the 
members with an epoxy, should they be made of a polymer or to use welding, 
soldering, or brazing, if the members are made from metal. 
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In a preferred exemplary embodiment, the spring 1 04 is made from 
nickel titanium as are the support member 106 and jaw sections 102. In other 
embodiments, it is contemplated within the scope of this invention to make the 
support and spring members. 106 and 104, respectively, from stainless steel. 
Additionally, the reinforcing member 108 may be made alternately from nickel 
titanium of stainless steel. It is also contemplated that various other types of 
materials are suitable for manufacturing of the blunt end member 100 as 
described above. 

The operation of the second exemplary embodiment will now be 
described in detail with reference to Figs. 7 through 10. As shown in Fig. 7, the 
blunt end member 100 is in its normal or first closed position, as clearly 
illustrated in Fig. 7. As is typical in DCA operations, the guide wire 28 is fed 
through the lumen of the blood vessels of a patient. Upon reaching the selected 
location, such as that illustrated in Figs. 1 and 2, the guide wire will meet an 
occlusion. The blunt end member 100 with ferrule 56 will be positioned, as 
described earlier, directly adjacent to the occlusion. Although not shown, it will 
be appreciated that the balloon 30 of Figs. 1 and 2 may also be adapted for use 
with the second exemplary embodiment shown in Figs. 7 through 10. 

After stabilization of the catheter 24 in the lumen of the blood vessel, the 
blunt end member 100 is activated by pulling on an actuation member such that 
the mating surfaces of the spring 104 and the ferrule 56 are brought into contact 
with one another. The ferrule 56 moves the jaw sections 102 away from the 
longitudinal center line 44 of the catheter as described earlier with reference to 
Figs. 1 through 6. This operation is repeated until fracturing occurs, as clearly 
shown in Fig. 2. Once fracturing occurs, and the guide wire 28 can be fed 
through the natural lumen of the blood vessel, the catheter may be removed and 
another working end may be brought to bear upon the occlusion. Such working 
end may include an angioplasty device, atherectomy catheter device, or a stent 
or other known medical methods, for removing the occlusion once the guide 
wire 28 is across the occlusion. 
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While the foregoing detailed description has described several 
embodiments of the method in accordance with this invention, it is to be 
understood that the above description is illustrative only and not limiting of the 
disclosed invention. Particularly, the invention need not be limited to a ferrule 
having a frusto-conical shape. It will be appreciated that a spherical ferrule 
could also be used within the spirit and scope of this invention. It will also be 
appreciated that the various elements which make up the blunt end member may 
be made from stainless steel, or some engineering plastic, including a suitable 
polymer. Additionally, while the invention has been described with regard to a 
bypass type of operation, it will be appreciated that other medical procedures 
wherein a occlusion blocks a blood vessel, or substantially blocks a blood 
vessel, or at least prevents a guide wire from easy going across the occlusion, 
are suitable for use with the invention described herein. Thus, the invention is 
to be limited only by the claims as set forth below. 
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CLAIM S 

What is claimed is: 

1 . An assembly for a catheter having a proximal end and a distal end and a 
longitudinal axis between the ends, the assembly designed for fracturing an 
occlusion within a blood vessel, the assembly comprising: 

a blunt end member connectable to the distal end of the catheter, the 
blunt end member sized and shaped for fitting within the blood vessel and for 
fracturing the occlusion, the blunt end member having a first position for 
allowing the blunt end member to be located at the occlusion and a second 
position for fracturing the occlusion; and 

an actuation member for moving the blunt end member between the first 
and second positions, 

whereby the blunt end member is connectable to the distal end of the 
catheter and the blunt end member is deliverable to the occlusion in the first 
position and is actuable to a second position for fracturing the occlusion. 

2. The assembly as set forth in Claim 1 , wherein the blunt end member 
includes a plurality of jaw sections disposed about the longitudinal axis of the 
catheter, the jaw sections having a first position wherein the jaw sections are 
closed for location adjacent the occlusion and a second position wherein the 
jaws are open for fracturing the occlusion. 

3. The assembly as set forth in Claim 2 wherein at least one jaw section is 
spadeshaped. 

4. The assembly as set forth in Claim 2 wherein at least one jaw section 
includes a distal end having a rectangular shape. 

5. The assembly as set forth in Claim 2. wherein at least one jaw section 
has a 
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rectangular paw disposed at the distal end thereof 

6. The assembly as set forth in Claim 1 wherein the actuation member 
comprises: 

an actuation shaft, disposed in the catheter, having a proximal end 
manipulable from the proximal end of the catheter and a distal end proximate 
the distal end of the catheter and proximate the blunt end member; and 

a ferrule, attached to the distal end of the actuation shaft, disposed 
proximate the blunt end member. 

7. The assembly as set forth in Claim 6 wherein the ferrule has a frusto- 
conical 

profile. 

8. The assembly as set forth in Claim 6 wherein the ferrule has a ball- 
shaped profile. 

9. The assembly as set forth in Claim 6 further comprising an actuation 
cable, disposed in the catheter, having a proximal end manipulable from the 
proximal end of the catheter and a distal end attached to the ferrule. 

10. The assembly as set forth in Claim 1 wherein the actuation member 
comprises: 

an actuation shaft extending from the blunt end member to the proximal 
end of the catheter; and 

a ferrule, fixed to the distal end of the actuation shaft, impinging upon 
the blunt end member. 

whereby, upon actuation, the shaft is pulled toward the proximal end, 
urging the blunt end member to a second position. 
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11. The assembly as set forth in Claim 1 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion; the securing member being selectively activatable. 

12. The assembly as set forth in Claim 6 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion: the securing member being selectively activatable. 

i 

13. The assembly as set forth in Claim 1 2 wherein the securing member 
comprises an inflatable balloon disposed about the outer surface of the catheter 
proximate the blunt end member and the catheter includes at least one balloon 
inflation lurnen communicating with the interior of the balloon. 

14. The assembly as set forth in Claim 10 wherein the catheter includes a 
securing member for holding the catheter in place at the location of the 
occlusion; the securing member being selectively activatable. 

15. The assembly as set forth in Claim 10, wherein the catheter has multiple 
lumens, at least one lumen for actuation shaft. 

16. The assembly as set forth in Claim 10, wherein the blunt end member 
includes a plurality of jaw sections disposed about the longitudinal axis of the 
catheter, the jaw sections having a first position wherein the jaw sections are 
closed for location adjacent the occlusion and a second position wherein the 
jaws are open for fracturing the occlusion. 

1 7. The assembly as set forth in Claim 1 6, wherein the jaw sections are so 
shaped that, in at least one position, the jaw sections form a channel 
substantially confining the guidewire to the longitudinal axis of the assembly. 
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18. The assembly as set forth in Claim 1 6, wherein the jaw sections are 
fabricated from an alloy comprising Nickel and Titanium. 

1 9. The assembly as set forth in Claim 1 , wherein the actuating member 
includes a proximal end. a distal end, and a lumen therebetween for 
accommodating a guidewire. 

20. The assembly as set forth in Claim 16, wherein the ferrule includes a 
longitudinal center opening for accommodating a guidewire. 

21 . The assembly as set forth in Claim 1 9, wherein at least a part of the 
lumen of the actuating member includes a friction reducing coating. 

22. The assembly as set forth in Claim 10, wherein the impingement of the 
actuation member upon the blunt end member defines at least one mating 
surface and at least one mating surface includes a friction reducing coating. 

23. The assembly as set forth in Claim 1 6, wherein the blunt end member is 
fabricated from a single piece of material. 

24. The assembly as set forth in Claim 10, wherein the blunt end member 
further comprises: 

a rigid tubular reinforcing member fixed within the distal end zone of 
the catheter and slidably disposed about the actuation shaft; 

a tubular support member including a proximal end fixedly disposed on 
the outer surface of the distal end of the catheter and further including a distal 
end; and 

a spring member including a proximal end connected to the distal end of 
the support member and a distal end deformably supporting a plurality of jaw 
sections. 
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25. The assembly as set forth in Claim 24. wherein the support member is 
crimped onto the distal end zone of the catheter. 

26. The assembly as set forth in Claim 1 0. wherein the catheter has multiple 
lumens, at least one lumen for the securing member. 

27. The assembly as set forth in Claim 1 9, wherein the actuating member 
includes an outer surface and at least a part of the outer surface of the actuating 
member includes a friction reducing coating. 
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